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ADVAECE BESTXICTED REPORT 

PORNUZAS FOE PBOPELLERS IB PAW AITD CIIAXTS 

OB THE S IDE-PElCE DEEIV'ATIVE 

B y  H e r b e r t  S ,  B i b n e r  

G e n e r a l  f o r m u l a s  a r e  g i v e n  f o r  p r o p e l l e r s  f o r  t h e  
r a t e  of chaage  o f  s ide-Zorce  c o e l f i c i e s t  w i t h  a n g l e  o f  
y ~ ~ w  av.4 f o r  t h e  r a t e  o f  change o f  -pitching-ciornent coef-  
f f c i e n t  w i t h  .mg le  o f  yaw. C h a r t s  o f  che  s id-e- force  de- 
r i v a t i v e  a r e  Given f o r  t w o  p o p e l l e r s  of d i f f e r e n t  p l a n  
fpjrn. The c h a r t s  c o - v e r  s o l i d - i t i e s  o f  t t j o  t o  six b l a d e s  
and sir?;::le and. d n a l  r o t a t i o n .  Tne b l a d e  a n g l e s  r a n g e  
f r o m  is0 01' 2e0 t o  GO" , ,  

The equa t io r i s  a n d .  t h e  c h a r t s  c o a p u t e d  f r o r u  t h e  egua- 
t i o n s ,  m e  bs.sed en  a n  n n p u b l i s h z d  a a s l y s i s ,  which i n s o r -  
T o r a t s s  f a c t o r s  n o t  adec~-uatcly covered. i n  p r e v i o u s l y  pub- 
l i s h e d  w o r k  ar?d g i v e s  g o o d  agreement  w i t h  e x p e r  i u e n t  o v e r  
a v i d e  r a n g e  of o p e r a t i n g  c o n d i t i o n s ,  A s t z d y  o f  t h e  
e q u a t i o n s  inciica 'ces thzt  t,hey are c o n s i s t e n t  w i t h  t h e  f o l -  
Lowiiig p h y s i c a l  i n t e r p r e t a t f o n :  In  d s v e l o p i n g  s i d e  f o r c e ,  
t h e  p s - o F e l l e r  a c t s  l i k e  a f l n  o f  which t h e  a r e a  i s  t h e  
p r o j e c t e d  s i L e  a r e 2  of t h e  p r o p e l l e r ,  t h e  e f f e c t i v e  a s p e c t  
r , n , t i o  is o f  t h e  o r d e r  o f  8 ,  2nd t h e  e f f e c t i v e  dynamic 
p r e s s u r e  i s  r o u g h l y  t h a t  a t  t h e  p r o p e l l e r  d i s k  as augmented 
by t h e  i n f l o w .  The v a r i a t i o n  of t h e  i n f l o w  v e l o c i t y ,  f o r  
a f ixeL--p i tch  p r o p e l l e r ,  a c c o u n t s  f o r  n l o s t  o f  t h e  v a r i a -  
t i o l n  of si3-c f o r c e  v i t l i  advance-diameter  r a t i o .  

c 

The c h a r t s  may b e  a .ppl ied  t o  o b t a i n  t h e  r a t e  o f  change 
of  normal-forca c o e f f i c i e n t  v i t l r  a n g l e  o f '  a t t a c k  o f  t h e  
ax i s  o f  r o t a t i o n  i f  p r o p e r  a c c o u n t  i s  t a k e n  of t h e  upwasb 
o r  a o v s v a s h  f r o n  t h e  wing,  

IXTBODUCI! I 

T h e r e  h a s  been a need  i n  s t a b i l i t y  a n a l y s e s  f o r  EL 

s y s t e m a t i c  s e r i e s  of'  c h a r t s  f o r  t h e  e s t i m z t i o n  of t h e  r a t e  



o f  change o f  p r o p e l l e r  s i d e  f : c r c e  v i t h  axiG2-e of  yaw. A I -  
thov-Lh the.  f o r r r u l a  t ieve loped  by H a ? . - r i s  and G l % % e r t  i n  
r e i ‘ e rences  1 and. 2 and d i s c z s s e 0  i n  r e f e r e n c e  3,  which 
e x p r e s s e s  t h e  a i d e  f o r c e  i n  yaw i n  t e r a s  of c o e f f i c i e n t s  
f o r  t h e  cny-awed p r o p e l l e r ,  i s  f a i r l y  s a t i s f a c t o r y ,  t h e r e  
has bee:; E O  a d e q u a t e  f o r m u l a  based  p r i n m i l y  OS t h e  
g e o n e t r g  of t h c  pro1:eller b l ; tdes .  An unpu-bl5.shed aszalgsds 
h a s  res-cited- i n  sack  a f o r n u l a .  The b a s i c  a s s u m p t i o n s  
&ye s i z i l a r  t o  t h o s e  o f  t h e  v o r t e x  t h e o r y  f o r  t h e  unin-  
c l i n e f i  ; ? r o $ s l l e r  when t h e  G o l d s t e i n  c o r r e c t i o n  f o r  f i n i t e  
nuilber 0 2  bl2,des i s  o m i t t e d .  Comyn~i so l l  w i t h  a nurnber 
of e x p e r i r e i i t a l  r s s u l t s  17.2s i n d i e a t  ecl t;%o,$ t h e  ac:ui.ac:i 
o f  k iG  , e r e e a t  ob”,ifiaDlc by t h e  a a a , l y t i c ? , i  xethod. t s  o f  
t h e  o r d e r  obte.ir_ed Isy t h e  u n c o r r e c t  e6 7rox-t ex  t h e o r 7  f o r  
L. b--e 3- u-i1iilcli;led p r o 2 e l l e r .  

’?he f o r m u l a ,  d e v e l o p e d  ia t h e  a n a l y s i s  aiid g i v e n  
#herein, has  been  uaed  t o  p r e p a r e  a s e r i e s  o f  c h a r t s  g i v i n g  
t h o  r a t e  o f  c j i z n g e  of siSte-force c o e f f i c i e n t  w i t h  angle 
o f  2-ar.r cL.s a. ? i ~ r , c t i o i i  0 2  t h e  ,zi!~varce-Oiametes r a t i o  V / a 3 ;  
clie b l a d e  angle and  s o i i . d - i t y  a r e  p a r a m e t e r s ;  t h e  c l ; a r t s  
c2-Tc-r b o t h  s i i i g i e  a i d  d;ial r o t z t i o a .  %e conpu ta t  i o n s  
ve:e nacla f o r  t w o  r e p r c s c n t n t i 3 v z  p r o p e l l e r s ,  t h e  Hami l ton  
StEECzi’Ci 2155-6 a id  t h e  TTP-C-4 10-3062-045. !.lear,s a r c  given 
f o r  i n t e r g o l n t i n g  f o r  o t h e r  j3 roye11ers .  

.L 1. 

iil  crclei- t o  mdce t h e  ppcse l i t  r epor -$  eoi i iglete  i n  it- 
s e i f  a x d -  t o  n d r e  t L e  charts more f n t e l l i g i b l a ,  f o r m u - l a s  
f o r  t:ie s id-e-force end lJ i tching--nonent  d e r i v a t i v e s  a r e  
g i v e n  at t h e  o i - t s e t  wi3h an e x p l a n a t o r y  t e x t .  The o t h e r  
p z o p e l l e r  s t a b i l i t y  i t e r i v a t i v c s  w i t h  r e s p e c t  t o  yaw a r e  
z e r o .  

F o r  t h e  p u r p o s e  c S  e x p e i i t i , n _ g  t h e  p u b l i c a t i o n  of t h e  
c h a r t s  t h e  O e r i v a t i o n  o f  t h e  f o r m u l a s  h a s  b e e n  o m t t t e d  
froun, t h e  $ r e s e n t  p a p e r .  There  i s  in.clTJ-deit _tl-ereiTi, however,  
a grapli % h a t  shows a co:l-lparisoe o f  t h e  t h e o r e t i c a l  v a l u e s  
w i th  t h e  e x p e r i m e n t a l  data of L e s l e y ,  Wor ley ,  and  Iioy 
( r e f e r e i c e  4) .  

T h e  f o r m u l a s  o f  t ’2e p r 8 s e n t  r e p c r i ;  r e f e r  t o  a sys t em 
of bcdy a x e s .  T o r  s i n g l e - r o k a t i n g  p r o p e l l e r s ,  t h e  o r i g i n  
i s  e t  t h e  i n t e r s e c t i o n  o f  t h e  a x i s  of r o t a t i o n  and  t h e  
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p l a n e  o f  r o t a t i o n ;  f o r  d - n a l - r o t a t i n g  p r o p e l l e r s ,  t h e  
o r i g i n  i s  on t h e  axis o f  rotation hal fway be tween t h o  
p l a n o s  o f  r o t a t i o n  o f  t h e  f r o n t  and r e a r  p r o p e l l e r s .  

@- The X axis i s  c o i n c i d e n t  prith t h e  a x i s  o f  r o t a t i o n  and  
rl i s  ? . i rectec? f o r w a r d ;  t h e  Y a x i s  i s  l l i r e c t e d  t o  t h e  right; 
rY 

I 
k-4 

and the 2, cxis i s  dir ec ' ted tLot.inward. The s y n b o l s  a r e  
d e f i n e d  as  f o i l o w s :  

I> p r o p e l l e r  tLia.net e r  

B t i.3) r ad ivls 

xo rci:r~i:n.-aa fraction 7f ti? r a d i u s  at which shank b l a d e  
s e c t l o a s  d e v e l o p  lift ( t a k e n  as G . 2 )  

I3 n u a b o r  o f  b l a d e s  

B b l a d e  a i g l e  t o  r e f e l - e r c e  c h o r d ,  measured at 0 . 7 5 8  
3% a t  i o n ,  i i e g r e s s  

P g e o m e t r i c  z i t &  

ang1.c: OS a t t a c k  o f  thrust zxis, r a d i a n s  9 

a. i n f l o w  f a c t o r  
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f ( a )  

T C  

n 

J 

" 0  

4 S 

k, 

t h r u s t  c o e f f i c i e n t  ( t h r u s t  /pn"D" 1 

thrils 'b c o e f f i c i e n t  ( t l i r u s t / p Y 2 D "  o r  C T / ~ J ~ )  

rotat9onal s p e e d ,  r e v o l u t i o n s  p e r  s econd  

;:6vance--diamcter r a t i o  (\+-a j 

normal f o r  c c  

K c o n s t a n t  i n  t 5 e  e q u a t i o n  f o r  ks 

s ide--ar ea ir-dsx 11 

n c iof ined  by e q u a t i o n  ( 2 c ~ )  ( z e r o  for d u a l - r o t a t i n g  
propellers) 

12 i e t e p a l  d e f i n e d  by equation ( 2 3 )  
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I3 i n t e g r a l  d-ef i n e d  by e q u a t i o n  ( 2 c )  

n d e f i n e d  by e q u a t  i o n  ( 3a) 
I-- 

1 S u b s c r i p t  s : .AI 
a 
-2 0.75% m e a s u r e d  a t  t h e  0 .75R s t a t i o n  (3: = 0 .75)  

S a t e  o f  Change o f  Side-Force C o e f f i c i e n t  w i t h  Angle 

o f  Y a w  f o r  D u a l - R o t a t  i n g  P r o p e l l e r  

The n a t z n e  01: the f o r m u l a s  f o r  t h e  s i d e - f o r c e  de- 
rivatives i2akes i t  si:n;>ler t o  p r e s e n t  t h e  f o r m u l a  f o r  
t h e  duFv l - ro t a t ing  p r o p e l l e r  f irs-L. Fox- a d u a l - r o t a t i n g  
p r o p e l l e r ,  $he s i d c - f o r c e  derivative i s  

wh er e 

t h e  spinner f a c t o r  ks 1.1-3: 

t h e  s idewash f a c t o r  k ,  0 . 4  

t h e  i i i f l ow f a c t o r  a = ( 9  I---- 1 * 89,/rr - 1)/2 

1 

t h e  side-area index I, = 3/4 n o  [ ( b / b o , , s ~ ) s i n  B o  dx 

and I,, f ( a ) ,  ks, and k a  a r e  d i s c u s s e d  i n  d e t a i l  l a t e r .  

xo 



G 

S i d e - a r e a  int iex Ile- T h e  p r o d u c t  GI, i s  pro-  

g o r t i o n n l  t o  t h e  a r e a  p r o j e c t e d  by t h e  b l a d e s  o n  a p l a n e  
t h r o u g h  t h e  2 r o p e l f e r  axis, T h i s  a r e a  nzy b e  c a l l e d  t h e  
p r o j e c t e d  side a r e a  of t h e  p r o p e l l e r ,  The s i g n i f i c a n t  
f a c t o r  I, h o . s  been  t e rmed  " t h e  s i d e - a r e a  i n d e x " ;  CJ 

i s  t h e  s o l i d i t y  a5 t h e  0,753 s t a t i o n .  In  eq"a t ion  (11, 
k a ~ I I  i s  always s m a l l  i n  cornsar ison w i t h  u n i t y ,  w i t h  
t L e  r e s u l t  t h a t  G y i ~ ,  i s  a p p r o x i n a t e l y  p r o p o r t i o n a l  t o  

01, ajla he;ice t o  t h e  p r o j e c t e d  s ic ie  a r e a  o f  t h e  p r o -  

; ? e l l e r e  T h e  f a c t o r  l / ( l  $. !.;,aI,) may b e  r e g a r d e d  as 
n c o r r e c t i o n  f o r  a s p e c t  r a t i o ,  

If g r a p h i c a l  i n . t e g r n t i o n  i s  i n c o n v e n i e n t ,  t h e  side- 
a r c s  ii:lle:c I,  nay  be eva'Lu&ed q u i t e  siniTly an? v i t h  

s - a f f i c i r n t  a c c u r a c y  % y  G e u s s t  ru3.e f o r  a p p r o x i m a t e  i n t e -  
g r c t i o n  ( r o f c r e n c o  5 )  which o r d i n a r i l y  r e q u i r e s  < e v e r  
o r d i n a t e s  t h a n  S i m p s o - n f  i; r u l e  f o r  t h e  same a c c u r a c y .  
i . )e t sAi lc  iLre a f v e n  i n  t h e  a p p e n d i x .  

Syi'inacr f a c t o r  ks.- If t h e  p r o a e l . l e r  i s  provided-  

with c1 cp i i znor  i n  comblna. t ion w i t h  it f i y u i d - c o o l e d  na- 
c e l l e ,  the c i r c u r i i ' e r e i t i a l  component of t h e  s i d e  wind due 

b l a d e  ~h,?,:il:s. 'TLis c5 r  cumatsvlce i n c r e a s e s  t h e  s i d e  f o r c e  
by a f a c t o r  ks r:i?ich i s  c l o s e l y  g i v e n  br 

----.--- -----_---- 

i s  c sns i r i c r ab%y 5ac;-eFusel i n  t h e  r e g i o n  o f  t h e  
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where x s  i s  t h e  r a t i o  o f  t h e  s p i n n e r  r a d i u s  t o  t h e  t i p  
r a d i u s  and  11: i s  a constant v h i c h  i s  a p p r o x i m a t e l y  0 - 9 0  
f o r  ct nacelle f i n e n e s s  r a t i o  o f  6 and  1.00 f o r  a f i n e n e s s  

?-- r a t t o  o f  i n f i n i t y .  Fo r  t h e  s p i n ~ e r s  of 2 r e s e n t - d a y  u s a g e ,  
-I 
75 k s  i s  0 2  t h e  o r d e r  of J..'i4kt.G04. 

I 
;4 

A s i n i l a r  e f f e c t  u n d o u b t e d l y  o c c u r s  when s p i n n e r s  
e r e  vLsecL w i t h  a i r - c o o l e d  n a c e l l e s ,  but t h e  e s t i r n a t i o n  o f  
ks i s  mora d i f f i c u l t .  T t  i s  recomnended t h a t  t h e  f a c t o r  
1 .14  b e  u s e d .  

Siclevas3. f a c t o r  ka.- The r e d a c t i o n  o f  oid-e f o r c e  

5,ue t o  t i c  sicleains:? c j f  t h e  s l i p s t r e a m  i s  a c c o u n t e d  for 
ba t h e  sLc!ewasb f a c t o r  I:, and by t h e  d e v i a t i o n  o f  
f ( a )  fro13 t l i e  v a l u e  (1 + a)". The a c c u r a , t e  e x p r e s s i o n  
for 1;, i s  

-.-..---.-..----..---__--- 

S e q u L r e d  accu - racy ,  ks and ha.- To t b e  6 e g r e e  i n  
--________l--l____._ ~-_-__ ------ 

c r i s o n  wi%h e x i s t i n g  e x p e r i m e n t s  e s . b a b l i s h e s  
t h e  ecc ; r racy  - about 210 p e r c e n t  - o f  t h e  s i d e - f o r c e  
f o i - n c l a a ,  it i s  s u f f l c i e a * l y  a c c u r a t e  t o  u s e  t h e  mecn 
~ a l ? i - e  O,.", f o r  ka and, f o r  t h e  u s u a l  s i z e  s p i n n e r  
(xS = O , i G ) ,  2.14 f o r  1,:s. 

Pkys icc21 irit e r p r  e t  st i o n  o f  p r o p e l l e r  i n  y z v r . -  A 
s t u d y  o f  e q u a t i o n s  (1) ana ( 2 )  i n  l i g h t  o f  t h e  d - i s c z s s i o n  
o f  t h e  s i ~ e - a r e a  inz-e;; I, an2 t h e  q - f ac to r  f ( a ) ,  w i t h  

data T o r  r e 2 r e s e n t a t i v c  y r o p e l l e r s ,  shovs  thctt  t h e  equa- 
1,101is e y e  c o n s i s t e n t  a+rit,h t h e  f o l l o v f n g  p h y s i c z l  i n t e r -  
p r e t a t i o n :  In d e v e i o p f i g  s i d e  f o r c e  ii1 yzw, t i l e  p r o p e l l e r  
a c t s  l i l c e  3. fin of  which t h e  area i s  t h e  p r o j e c t e d  s i d e  
a r e a  of -bile p r o P e l l e r .  (The  F r o J e c t e c ?  s i C e  area i s  t h e  
a r e a  p r o j e c t e d  by t h e  %lad-es  o~ a p l a n e  t h r o u g h  t h e  Rx i s  
of r o t e . t i r , n .  T o r  t w o  o r  one b l a d e ,  t h i s  c r e a  r a r i e s  w i t h  
a z i n u t h ;  b u t  t h e  t e x t  r e f e r s  t o  t h e  a v e r a g e  v a l u e ,  vrhfch 

-- ___I__-_____A _-I_ II_ _--_- ----------- 

I. 
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i s  g i v e n  t o  a close approxh- t a t ion  by one-ha l f  the number 
o f  b l a d e s  t i n e s  t h e  ' a r e a  p r o j e c t e d  b y  a s i n g l e  blade on a 
p l m e  c o n t a i n i n g  t h e  'b lade  c e n t e r  l i n e  and  t h e  a x i s  o f  
r o $ a , t i o i ? _ . )  T h i s  e a u i v a l e n t  f i n  Ba:y w i t h  small  e r r o r  b e  
regarded as s i t i r a t e d  i n  t h e  i n f l o w  a t *  t h e  propeller d - i s l c  
%ad su-Djr.ct t o  t h e  c o r r e s p o n d i n g  augmented dycwnic  p ~ e s -  
s u r e .  The v a r i a t i o n  of i n f l o w  V e l Q c i t j r  t h e r e f o r e  accounts 
f o r  i a o s t  of t h e  v a r i a t i o n  o f  Gide f o r c e  w i t i 2  advance- 
d i m o t e r  r a t i o ,  f o r  a f i se6-p i tc jn  p r o p e l l e r ,  

The e f f e c t i v e  a s p e c t  ratio o f  t h e  p r o j e c t e d  s l d o  a r e a  
is of  t . i c  o r d e r  o f  t w o - t h i r d s  t h e  g e o m e t r i c  a s p e c t  r a t i o  
v i t h  diral. r o t a t i o n .  The c f f o c t i v e  a s p e c t  r a t i o  i s  much 
less ut$:: s i n g l e  t h a i i  wi th  dual rc;tst i o n ;  t h e  smaller as- 
p e c t  r 2 , % i o  accoun t s  %'or n r e d u c t i o n  i n  t h e  s i d e  f o r c e ,  
w h i c h  f o r  t h e  s ix--blade l iarnil tor? Standard. p r o p e l l e r  3155--6 
varies i-ro::; 4 p e r c e i i t  a t  7 55' t o  2.4 pcrceni ;  a t  = 1-5'. 
A i n e 3 2  v a l u e  o f  the a f f e c t i x r e  s s p s c t  r a t i o  f o r  6 ing le -  and 
d-aal-rotnt in>:  p r o p e l l o r s  o f  presen t -day  u s a g e  is 8. 

2 a t e  o f  Ch.ange o f  Side-Parce  C 0 c f f i c i e n . t  with Anglo  

09 Yaw f o r  S i n g l e - R o t a t i n g  Propeller 

T o r  a, s i n g l e - r o t a t i n g  p r o p e l l e r ,  t h e  3ide-force 
d-er % v a t  i v e  i s  

The d e f i n i t i o n c  o f  en_uation (1) s t i l l  app ly  and 

wfi er e 
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A fzmily of  appxoximate  c u r v e s  o f  1 3  a r e  g i v e n  i n  f i g -  
u r e  2 as f u n c t i o z s  of V/nD, w i t h  t h e  s o l i d i t y  CT as t h e  
p a r a m e t e r .  The c u r v e s  a r e  a p p l i c a b l e  € o r  blacle-angle 

.- s e t t i n g s  at a g iven  v a l u e  o f  V / n D  i n  t h e  r a n g e  i n  vrhic3 
t h e  b l a d e s  a r e  no t  s t a l l e d .  The d a t a  o f  f i g u r e  2 were 
Coni~L~tec? f o r  z c i e f i n i t e  p r o p e l l e r ,  X a i n i l t o n  S t a n d a r d  3155-6, 
‘L. -at n a y  2.e a p p l i e d  t o  any  o t h e r  p r  o p e l l e r  w i t h  n e g l i g i b l e  
e r r o i  i n  Cy:$. The v a r i a t i o n  o f  2 a . l ~  w i t h  21, i s  

g i v e n  i n  fig-z.re 3, 

1 

.\ 

Tke  t e r m  A i s  p o s i t 5 . v ~  ove r  t h e  o y e r a t i r g  r a n g e  o f  
t h e  pro ;Gel le r  ia € l i g h t  an4 i s  rou,q;hly oile-tenth of J L o  
Conpar i s o n  c f  equat i o n  ( 2 )  f o r  s i n g l e  r o t a t  i o n  wit11 equa- 
t i o n  (1) ior d.ca,l  i : o t a t i o i l  s i zo i r s  t i i a t  che e f f e c t  of p o s t -  
t i v a  A i s  EL r e i L i i z $ i o n  iii CytQ - that  i s ,  a sin<;le- 

r o t q t i - 2 ~ ;  p r o p e i l e r  bspe:-iexicos l e s s  side f o ~ c e  i n  yaw 
t  ha:^ t 11 (t c o r  r a sp o nd i ;I g Eiu 31-7 o t a t  i :a g pr o y e 1 1 er . 

The re&l j .e t ion  l n  s i d e  f o r c e  i n  yaw r e a c h e s  24  IGercent 
f o r  l o w  b l a d e  a n y 1  : 2-1 ;  ~ v c r a g e  is 15 p o r c - ; ? i t .  The re- 
d u c t i o n  i s  ex;nLa. i2ed bg -ihe r^:l,ct that t h e  a,sjmiL;otry o f  
d i s k  l o e d - i ~ ~ ; ; ,  wh ich  for t h e  s i n g l o - - r o t , a t  in;: k - r o p c l l e r  p ro -  
d u c e s .  t h e  p i t c h i n g  iiioment, &us t o  yaw, a l s o  i n d u c e s  a 
poneiit o:? i ’ l O ’ > i  teil&-?Ln? t o  red-72-c.e t h e  e f f e c t  o f  %he a n g l a  
02 7 2 , ~ .  T o r  d u a l - r o t a t i n g  p r o p e l l e r s ,  t h e r e  i s  n o  re- 
sui t3n. t  a.s>-ijllizt>trjT b e c a u s e  t h e  a s y m x e t r i e s  o f  t h e  d i s k  
loadings o f  t k e  t w o  s e c t i o i i s  m e  s o  d i s p o s e d  c0.s t o  con- 
pens  a t  e. 

For a d;:-al--rotat in? z i r o y e l l e r  , t h e  ; s i t  cliing-ilonent 
d -e r iva t  i v e  i s  a 2 2 r o x L i a t  s l y  zer*o f o r  t h e  1-casoii p rev io- i i s ly  
n e n t  i o n e d .  For. a s i n g l e - i - o t a t i n g  p r o p e l l e r ,  t h i s  de r  iva- 
t i v c  i s  g i v e n  3y 

k f ( a) m 
(3) 



T h o  d e f i a i t i o s s  p r e v i o u n l g  givcn ar5 a p p l i c a b l e  h e r e  and 

2a of, f 2J 'TT 

3'0s-ziulas (1) and ( 2 )  have  been use6 t o  compute a 
s e r i s s  o f  cb iz r t s  3f t h e  s i d t L f o r c o  d e r i v a t i v e  

I 

Tiiis d - e r i v a t i v e ,  o t h a r w i s a  flit e r p r a % e d ,  i s  a p p r o x i m a t e l y  
t w i c e  t k e  a r e a  o f  a n  e q u i ~ a l e n t  fin o f  a v e r a g e  a s p e c t  
r a t i o  d i v i d o d  3y t h e  a i s 2  area. 

Z E C ~  chc rk  g i v e s  t h e  v a r i a t i o n  of Cy?$ w i t h  V/nD 
f o r  a range of blade a , i i g l e s  azid a p p l i e s  t o  a d e f i n i t e  
s o l i d i t y .  There i s  a. s e r i e s  o f  c h a r t s  f o r  e a c h  of two 
b l a d e  ;"oras. One blz,Ge fori;: i s  rz convent ional  t y p e ,  
H a z i l t o n  Standard 3155-6, w i t h  a plan form a l m o s t  s p m e t -  
r i c d .  a b o u t  t h e  naxiniirn c h o r d ,  which  i s  at a y p r  o x i a a t  e l y  
t h e  0.662 s t a t i o n .  The oth.er 5 1 a d e  f o r z i ,  ITBCA 10-3062-045, 
h a s  a w i d e ,  alnost ui i i for i -n  chord  o u t  t o  t k e  O.'75R s t a t i o i l  
acd a youscied t i 2  s e c t i c n .  The p l a n  forms arz? ZJitch 
d i s t r i b u t i c u s  f o r  t i r e  t w o  propellers are S l i o ~ t ~ i l  i n  f i g u r e  4. 

R m i l t o n  S t a n d a s d  p r o p e l l e r  3155-6.- The charts o f  
f i g u r e s  5 t o  9 a p p l y  t o  E a m i l t o r z  Stanc7.3,rd propeller 3155-6. 
F i g u r e s  5 ,  6 ,  '7, a n 3  8 a r e  f o r  t h e  tr io- ,  thi-i:e-, f o u p - - ,  
and s ix--b 1 a4 e s i n g l  e-r o t a t  i n  g p r o p  e 11 er s , T e sp e c t i v e l  y . 
Figig-j:e 9 i s  f o r  a s i x - b l a d e  d u a l - r o t a t i n g  p r o p e l l e r .  The 
s o l i d i t y  CF v a r i e s  f rom 0.061 f o r  t h e  two--blad-e p r o p e l l e r  
t o  0.182 f o r  t h e  six-b1ad.e g r o p e l l e r s .  

---...-- 

A l iqu ic l -cooled  n a c e l l e  of f i n e n e s s  r a t i o  6 was as- 
suncd ani? t h e  s p i n n e r  t i a r n e t o l -  was t a k e n  as 0.164 tircci; 
t h c  p r o ~ c L l c i -  d i a m e t e r  i n  d c t e r n i n i a g  t h s  s p i n n e r  f a c t o r  
k,. The a a e r a g c  valv-e o f  k, ,  which degends  s l i g h t l y  o n  
the bladc--anzle s e t t i a g ,  i s  about  1.125. T h i s  v a l u e  
s i g n i f i : ? s  t h a t ,  o n  t h o  a v e r a g e ,  12 .5  p e r c e n t  h a s  been added  
t o  t h e  valtl-cs wkich x o u l d  b e  o b t a i n e 2  i n  t h e  absence  o f  a 
s p  iiin e r  . 
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The Tra lucs  of T, used  i n  t h d  c o m p u t a t i o n s  w e r e  
o b t a i n e d  Tram fig,:ures 24 a n d  26 o f  r e f e r e n c e  6 f o r  t h e  
25" ncd 4 5 O  blade angles mid were i n t e r p o l a t e d  f o r  t h e  
o t h c r  h1ad-e  ~ ~ n g l e s  v i t h  t h e  a i d -  o f  f i g u r e  15 o f  r e f e r -  
e n c e  7 ,  

r- 
rl 

10 t o  1 3  a i J ; c , l y  t o  JBCA, propeller 10-3062-045. Zig-arcs  10, CY 
1 
4 11, rbxd  12 a r c  f o r  the two- ,  t h r e e - ,  and  fou r -b l ade  s i n g l e -  

r o t a t i n ( ;  ? r o > 3 ~ 1 l c r s ,  r ~ s ? c c t i - r e l y ,  F ig l i re  13 i s  f o r  a 
s i x - b l a d e  d-ua, l - - rotat i rg  p r o p e l l o r  e The s o l i d i t y  (T v a r i e s  
f r o n  0 * 0 8 2 5  f o r  t h e  t w o - b l a d - e  i 3 r o p e l l e r  t .o  0.247 f o r  t h e  
s ix -b lade  p . r o > e l l e r .  

KACA nro-oel l e r  1-0-3052-045e- The c h a r t s  o f  f i g u r e s  -....----.. &L-=-.-...A __-_________-_ 



p r o q c l l e c s  are n o t  c h a r t o 3  at t h e  same s o l i d i t i e s ,  and 
a s e z o n d  o n e  for plan f o r m ,  A s i m p l e r  p r o c e d u r e  r e s u l t s  
f r ox  t h e i 0 1 l 0 7:r i n  g c o n s i d or a t  i on s : 
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i n f l o w  T a c t o r .  The; s t u d y  o f  t s e  e u u n t i o n s  i n d i c a t  e s  
that t h e y  a r e  c o n s  i s t c n t  w i t h  t h e  fo1Lowin.g g h y s i c n l  
i n t o r ? r c t e t i o i i :  I n  dcve2.oping s i d e  fofce, t h e  p r o p e l l e r  

r-- e c t s  like R fic of v h i c h  t h o  a r e a  i s  t h e  S r o j e c t c d  s i d e  
a r e a  O S  t h e  p r c p o l l c r ,  t,hc e f f c c t i T r e  a,s!pect i - z t i o  i s  o f  r i  

N 

t-4 r o u g h l y  that p.t th i?  p r o p e l l e r  d i s k  as aixgmcatcd. by t h e  
i i i l l o w ,  4The v a r i a t i o n  o f  the i n f l o w  v e l o c i t y ,  for f ixcd- 
p i t c h  propeller, a c c o a n t s  for most o f  the v a r i a t i o n  of  side 
f o r  c c  witk advci ice-dianet  c r  ra t  i o .  

1 t h c  o r d e r  or' 8 ,  ai i r l  t he  o f f c c t i ~ e  dycaniic prcs . sv . re  is 

3 1  = 0,238 r ,  = 0,095 

:cz = 0 ,585  = 0.131 

~4 = O.el5 F, = 0.191 

zg = 0.963 E', = 0,035 
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IUCA Figs. 1,2 
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Figure 2.- ?ariation of 13 w i . t i i  V/ng sild solidity. Approximate 
curves f c r  blade-anpls ssttings at y h i c l i  the blades _ _  
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Figure 2.- S i l e - f o r c e  lerivati : .e f o r  siqgls-roto t i n e  Earnilton S t a n l a r d  
p rooe l l e r  3155-G with s p i x e r ,  Two b l a i e s ,  5, O . O f i l .  
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Z i p r e  7.- Side-force !ierivati\re for single-rotating 'ramilton Stan-iarl 

p r a p e l l e r  3135-6 witn spinner. ',FcIur blades,  a', 0.121. I \  

Bicrure 8 , -  Siie-force lerivative f o r  &ingle-rotating zamiIto2 Stitn53.r'"A 
propel le r  31~5-4 nriCb spimner. Six blades, 6, 0,152, 
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